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INTRODUCTION 
In an effort to better describe the hydrometeorology of Chicago and 
environs, an investigative program was begun by Water Survey scientists in 
1974. All the historical rainfall data for the area were procured and 
studied. The resulting analyses were aimed primarily at providing rainfall 
design results useful to urban hydrologists. These results, plus interaction 
with various local and regional users in the Chicago area, revealed further 
extensive needs for a sophisticated level of urban rainfall data and 
information that could not be served by the results obtained from the 
existing data base at Chicago or those at most other major American cities. 
To this end, the Illinois State Water Survey began designing and 
developing a comprehensive urban hydrometeorological investigation. Thus, 
an extensive rainfall measurement program, which became labeled as Phase 2 
(the study of the historical data done in 1974-1976 was labeled as Phase 1), 
was planned. It aimed at developing a short-term rainfall probability 
forecast skill, real-time estimates of rainfall over the city, rainfall 
information for water quality and runoff models, and extensive rainfall 
frequency data for the 4,000 mi2 area enveloping Chicago. This was envisioned 
as a 5-year project and it was launched in the fall of 1975 with funding from 
the State of Illinois. The National Science Foundation's Program for Research 
Applied to National Needs subsequently funded a portion of the program (for 
the first year of a 3~year proposal) beginning in February 1976. 
The major facilities of Phase 2, envisioned for 1976-1980, include 
the world's largest dense raingage network of over 300 recording raingages 
and a new sophisticated 10-cm weather radar with state of the art signal 
processing and an attached computer that allow for rapid digitization of 
rainfall data. Simply, the radar-computer system will be linked with the 
Metropolitan Sanitary District Operational Headquarters to demonstrate, both 
locally and nationally, the use of a sophisticated weather radar system in 
the real-time operations of an urban hydrologic system. The raingage network 
will furnish rainfall data for calibrating the radar-indicated rainfall, for 
testing water quality models, for developing new rainstorm intensity models, 
and for studying localized effects (urban and lake) on rainfall frequencies. 
This report, which is being prepared at the end of the 7th month of 
the first year of NSF/RANN sponsorship, is not an annual report. It serves 
as a "progress" report to indicate the extent of the effort to date, the 
rapid progress that has been made towards serving the project goals, and 
the interesting findings already available. 
Goals 
The current 5~year project is the major e f f o r t of the 2-phase pro jec t . 
The Phase 2 e f f o r t has the fol lowing goals: 
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1. To develop a real-time prediction and monitoring system and 
methodology for specifying rainfall quantity over the urban 
area using a weather radar. 
2. To provide precipitation data and information for hydrologic 
and water quality models and for use in the design of 
hydrologic systems. 
3. To establish methods and techniques for transferring the 
Chicago area findings to other cities, so as to optimize 
precipitation measurement systems. 
Objectives 
There are six specific objectives of the Chicago Hydrometeorological. 
Area Project (CHAP). The first of these focuses on the development of 
rainfall frequency relations for both point and areal mean rainfall so as 
to meet and improve design requirements for storm and sanitary sewer systems. 
This is to be met using the dense raingage network data collected over a 
5-year period. The second objective is to develop statistics on rainfall 
distributions, in time and space over urban and suburban areas of varying 
size, for use in water quality models. This will be accomplished using the 
historical rainfall data in combination with the current raingage network 
data. 
The third objective of CHAP will be to develop an interface for a 
digital weather radar system and the MSD water resources operational system 
so the radar results can be used by MSD personnel. Radar operations and 
signal processing will be geared to develop data which will permit operators 
in the MSD water resource system to make better decisions, both about the 
likelihood of approaching rainfall as well as the rainfall quantity actually 
occurring over various basins of the urban hydrologic system. The fourth 
objective to be served involves use of the digital weather radar data, 
calibrated with the raingage data on both sides of Lake Michigan, to test 
precipitation measurements over the southern end of Lake Michigan. 
The fifth objective of CHAP will be to analyze the raingage and radar 
data and to develop results from the above 4 objectives, with a view to 
determining optimum rain measurement systems, involving either, or both, 
radar and raingages in other cities. Recommendations relating to operations, 
gage densities, digitization, level of automatic control, and other criteria 
will be offered in light of specific locales and climatic differences of 
major cities. The final objective of CHAP is the transferral of these 
pertinent results, both to the local and regional interests in the Chicago 
area, and to national interests in private practice or in governmental 
entities in urban water resources. 
The study area for CHAP is shown in Figure 1. The sites of the 300 
recording raingages are shown, along with the site of the project's radar, 
labeled as HOT. 
Figure 1. Field Facilities for CHAP 
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Figure 2. The Flow of Major Activities on CHAP (Phase 2) Under 
NSF/RANN Sponsorship 
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The network portion of the field program during the first ten months 
(including the latest 7 months under NSF/RANN sponsorship) have included the 
network planning, the securing of sites for the 300 raingages on governmental 
and private property (always with an eye towards gage security and comparable 
exposures between raingages), and the employment and training of five field 
technicians to service the network raingages. These activities, conducted 
largely with state support, were completed in March 1976. The installation 
of the 300 recording raingages occurred during the April-May period. Network 
operations began in June 1976, two months ahead of schedule. 
The field program involving the HOT weather radar began with the search 
for a site sought south of the Chicago urban area to minimize signal blockage 
and attenuation problems and to allow for adequate study of approaching 
precipitation systems from SW, W and NW and those developing over the city. 
A suitable site was found on the University of Illinois Experiment Station 
land 15 miles south of Joliet (Fig. 1). Negotiations were begun with the 
University to secure use of enough land for the site. Once this had been 
secured, price estimates were sought through bidding procedures handled by 
the University of Illinois for 1) erection of a building to house the radar 
components, 2) to build a large reinforced cement base for the large radar 
antennae, and 3) for the major power installation needed for the large power 
requirements of the radar system. These bids and subsequent negotiations 
occurred during the April-July period, being delayed from 1 to 2 months by 
various problems in the University bidding system and negotiations with the 
contractors. The building and foundation were erected in August, as was the 
radar antenna base, and the power installation was largely completed by 
mid-August. Radar installation and erection began in September 1976, 
approximately 6 weeks later than originally planned. Excessive costs for 
power installation and the building, $16,000 above the $17,000 awarded in 
the NSF/RANN grant, were sought and made available through diversion of 
state funds. Project engineers and technicians have been assisting in various 
phases of this radar site installation, including the major effort of moving 
radar components from the central Survey facilities in Champaign-Urbana to 
the Joliet field site for HOT. 
Basically, the siting and installation activities, a key first effort 
of CHAP, have been successfully completed, with the raingage network in 
operation sooner than expected and the radar slightly later than expected. 
Simultaneously, data processing and analysis efforts began at the Water 
Survey headquarters in Champaign-Urbana. Considerable attention has been 
given to developing the computer software and hardware needed for optimizing 
application of the radar and raingage data. In a similar vein, the raingage 
data processing system was restructured from that of previous programs to 
allow for the volume of data, greater than handled previously by the data 
processing team at the Water Survey. For analytical purposes, digitized 
5-minute rainfall data are being procured, on a storm and point basis, from 
the raingages. The radar data, in digital form, is being processed to 
provide digital patterns of radar-indicated rainfall at selected time 
intervals. 
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The user-related Interaction activities have also been initiated 
during the first 7 months of the project. The extent and type of these 
activities are described in the following major section of this report. 
Considerable information about the existence of the project has been 
transmitted through several communication mediums. 
Project Organization and Personnel 
The organizational diagram for CHAP is presented in Figure 3. The 
three major functions are under the general direction of the Project Director. 
These include: 1) Operations, 1) Analysis and Research, and 3) User 
Interactions. Distribution of effort during the first 7 months has involved 
about 55% in the Operational (installations) area, 30% in the Analysis area, 
and 15% in the User Interaction area. 
A list of personnel who have been involved in the project since its 
inception in 1976, is presented in Table 1. Their principal title-function 
is shown along with each individual's time devoted to the project (at the 
time of this report) and the source of their salary support. Examination 
of support shows an extensive contribution of state support to this project, 
involving approximately 35% of the total funds expended during the first 
seven months and all the funds expended during the two years prior to that 
time. 
The staff size has remained at the general level proposed to NSF/RANN 
for the first year efforts. An additional network technician was employed 
since the areal extent of the network was so great that the planned use of 
four technicians was found to be inadequate. 
Most importantly, the project since mid-July has been functioning in 
an operational and analytical mode handling the output of the network and 
data of another Survey weather radar installed temporarily in the Chicago 
area (until the HOT radar becomes operational in September). All the various 
maintenance, operational, data processing, and analyses tasks required are 
being conducted according to plan. 
Report Scope 
This report contains three major sections. The first addresses 
interactions with users and transferral of information to them. The extent 
of effort to interface with local-regional users and with national scale 
users is described along with examples of user response to already available 
project information. 
The second major section of the report concerns major project activities 
and analytical results to date. Included is a description of the extensive 
computer programming activities required for the raingage network and 
specifically for the various complicated, real-time monitoring and prediction 
of precipitation elements using radar data. Examples of rainfall data being 
Figure 3. Organizational Chart for CHAP 
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Table 1. Support Personnel 
Percent Source 
Senior Professional Staff Time* Support 
S. A. Changnon Principal Investigator 15% State 
F. A. Huff Principal Investigator 25% State 
W. C. Ackermann Engineering-Hydrologic Interactions 5% State 
J. L. Vogel Analyst 10% State 
N. G. Towery Chief of Operations and Data Processing 50% Grant 
E. A. Mueller Director Electronic Systems 5% State 
D. W. Staggs Radar Engineer 100% State 
D. M. A. Jones Network Supervisor 100% State 
D. Brunkow Programmer—-Systems Analyst 100% Grant 
A. Sims Programmer-—Rainfall Analyst 25% State 
Junior Professional and Subprofessional Staff 
G. Fetter Radar Operator 100% Grant 
M. Gardner Radar Technician—Analyst 100% Grant 
P. Lamb Analyst 100% Grant 
E. Brieschke Network Technician 100% State 
P. Vinzani Network Technician 100% State 
J. Stewart Network Technician 100% Grant 
G. Ahlberg Network Technician 100% Grant 
V. Selvaggio Network Technician 50% Grant 
P. Stone Data Editor--Analyst 40% State 
R. Dodds Data Editor--Analyst 100% Grant 
I. Trover Data Processor 80% State 
E. Anderson Analyst 50% State 
H. Yuen Analyst and Programmer 60% Grant 
Student Staff 
Y. Lin Analyst 50% Grant 
C. Davis Analyst 50% Grant 
S. Truett Technician 100% Grant 
* Status at time of report (August 1976) 
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generated from the network are presented along with details of raingage 
network siting, installation, and operation. Activities relating to the 
radar, including siting and installation, are described, and some of the 
early data examples for two major storms during June and July 1976 are 
presented. 
The final section of this report is a short summary reviewing the 
progress to date. Progress is measured against the 9~month project 
proposal to NSF/RANN. 
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USER INTERACTIONS 
CHAP will fail unless it achieves a high degree of user interaction 
and transferral of data and results to the scientific and engineering 
comunities concerned with urban water resources. Thus, within weeks after 
the funding of the project by NSF/RANN in February 1976, exchange of project 
information had begun on the local, regional, and national scales. 
Local-Regional Users 
Meetings and visits were held with engineers and water resource 
operators in the Chicago Area, both to inform them of the project and to 
secure their assistance in the siting and installation of project facilities. 
A particular effort has concerned development of a close working relationship 
with operational staff of the Metropolitan Sanitary District, the agency with 
which we will demonstrate the utility of weather radar in their operation of 
the Chicago water resource system. This interaction included a meeting of 
key staff members of the Water Survey and MSD, visits of Survey staff relating 
to raingage siting and historical rain data, and two different visits by a 
Survey meteorologist to observe the actual operations of the MSD system during 
pre-rain and rain periods. The direct interactions with local and regional 
users are listed in Table 2. Other direct interactions with local users 
concerned visits with those operating other projects in the Chicago area. 
Table 2. Direct Interactions With Local-Regional Users 
Meeting with Water Control Staff of Metropolitan Sanitary District (MSD) 
and 5 project staff members in Chicago, March. 
2-day observational visits at MSD to view actual system operations in 
May and in June. 
Meeting with leaders of Northeastern Illinois Planning Commission and 
representatives of Hydrocomp, Inc., concerning interaction of their 
work on PL 208 water quality project and CHAP research, March. 
Meeting with George Tolley, University of Chicago, October, to discuss 
data exchange, in Chicago. 
Meeting with National Weather Service personnel of Chicago Office, in 
March, in Chicago. 
Meeting with urban planning groups of DuPage County and McHenry County 
in February, in Woodstock. 
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Information on project activity has also been handled by the release 
of project information through various news media. Figure 4, from an 
information flyer released by NIPC to planning agencies describes the 
initiation of CHAP, Phase 2. This was distributed to all governmental and 
planning groups throughout the Chicago area. Two major news releases about 
the project were made, and an example of one of the resulting stories from 
northern Illinois is presented in Figure 5. Another major activity in 
building local-regional user interaction, has been the distribution of storm 
rainfall maps for two major rainstorms that occurred during the summer of 
1976. Copies of these maps appear in the Results Section of this report. 
Cover letters for these maps and the maps were distributed to some 50 "users" 
in the Chicago region within 3 weeks after the storm date. Recipients 
included planning agencies, city engineers, news media, University scientists, 
private engineering firms, and all governmental entities interested in 
rainfall. Examples of 4 letters received from users, following the distribution 
of the 13 June 1976 rainstorm map (see Fig. 10), are enclosed to demonstrate 
the favorable response of weather forecasters, engineers, and the news media. 
A letter from a potential user firm relating to an oral presentation about the 
project is also included. These illustrations hopefully demonstrate the value 
of the project and our dissemination efforts. 
Other direct interactions with users occurred through the medium of 
presentation of scientific and technical talks concerning CHAP. Four talks 
were given in the Chicago and Michigan area (see Table 3) and these were 
directed specifically to potential users and to engineers and scientists who 
may wish to become involved in CHAP or to use CHAP data. 
National Interaction 
Six project talks, among the ten listed in Table 3, were presented at 
various national conferences of the American Geophysical Union, American 
Meteorological Society, and the American Water Resources Association. These 
were aimed at reaching the "national" users, those throughout the nation 
concerned with urban water resources. 
In addition to these direct interactions and oral presentations, 
considerable efforts, considering the relatively short length of the project, 
were extended towards the publication of project information (Table 4). Four 
scientific papers were published in three different types of journals, and a 
major report, Report of Investigation 82, was published describing the 
findings of Phase 1 of CHAP. Copies of these publications have been widely 
distributed. 
Summary 
Clearly, extensive efforts to develop direct interaction with users 
and transferral of information about the project were conducted during the 
first seven months of the project. To recount, the local-regional users 
of Chicago and environs were reached through direct presentations at local 
meetings and by actual discussions at meetings with project scientists and 
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Figure 4. NIPC Release on CHAP 
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Figure 5. Example of Newspaper Story on CHAP 
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Those involved in related projects at the University of Chicago, MSD, 
Northeastern Illinois Planning Commission, and other agencies. On the 
national level, the major user interactions have concerned the talks at 
major scientific meetings, the publication of four papers and one report 
(widely distributed through the Water Survey's user-focused mailing 
system), and initiation of our advisory panel. 
A key activity on this project, both for scientific-technical 
guidance and to secure user interactions, relates to the 8-man advisory panel 
established. The panelists are listed in Table 5. They were chosen to 
represent local and national interests, private and governmental interests, 
and varying scientific and engineering interests in urban hydrology. They 
will assist us in the transmittal of project information through the urban 
water resource field, as well as to give us advice on project research. 
Table 3. Scientific and Technical Talks Presented About Project 
"The Chicago Hydrometeorological Program", given by F. A. Huff, Annual 
Meeting of American Geophysical Union, Washington, D. C, March 1976. 
"A Hydrometeorologic System for Urban Applications", given by S. A. 
Changnon, National Conference on Hydrometeorology of American 
Meteorological Society, Ft. Worth, Texas, April 1976-
"Heavy Rainfall Relations in a Major Metropolitan Area", given by J. Vogel 
National Conference on Hydrometeorology of American Meteorological 
Society, Ft. Worth, Texas, April 1976. 
"The Urban Hydrometeorology Project of Chicago", given by F. A. Huff, 
Seminar of Chicago Chapter of A.M.S., University of Chicago, March 1976. 
"The Chicago Area Project - A New Urban Study", given by S. A. Changnon, 
Lecture, Western Michigan University, Kalamazoo, May 1976. 
"Research Opportunities on CAP", given by S. A. Changnon, talk, Michigan 
University, East Lansing, May 1976. 
"Chicago Area Research Related to Lake Michigan", given by S. A. Changnon, 
staff seminar, University of Michigan and Great Lakes Environmental 
Research Center, Ann Arbor, Michigan. 
"The Chicago Area Rainfall Project", given by W. C. Ackermann, American 
Water Resources Association Conference, Chicago, March 1976. 
"Heavy Rainfall Relations Over Chicago and Northeastern Illinois", given 
by J. Vogel, 12th American Water Resources Association Conference, 
Chicago, September, 1976. 
"Hydrometeorological Research Program in Urban Hydrology Applications", 
given by F. A. Huff, 12th American Water Resources Conference, Chicago, 
September, 1976. 
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Table 4. Scientific and Technical Papers and Reports Published 
"Multi-Purpose Hydrometeorologic System for Urban Hydrology", by S. A. 
Changnon and F. A. Huff, Preprints Conference on Hydrometeorology, 
Amer. Meteoro. Soc, Boston, 42-47. 
"Heavy Rainfall Relations in a Major Metropolitan Area", by J. Vogel , 
Preprints Conference on Hydrometeorology, Amer. Meteoro. Soc, 
Boston, 86-91. 
Hydrometeorology of Heavy Rainstorms in Chicago and Northeastern Illinois, 
Phase 1 Historical Studies, by F. A. Huff and J. Vogel, Report of 
Investigation 82, Illinois State Water Survey, Urbana, 63 pp. 
"Possible Urban Effects on Maximum Daily Rainfall at Paris, St. Louis and 
Chicago", by J. Dettwiller and S. A. Changnon, Journal Applied 
Meteorology, Vol. 15, 517-519. 
"The Future of Water Resources in Northeastern Illinois", by W. C. Ackermann, 
Journal American Water Works Association, December 1975, 691-69A. 
Table 5. Advisory Panelists for CHAP 
Robert Clark, Associate Director Hydrology, National Weather Service, 
NOAA, Silver Spring, Maryland. 
Harold Coffee, Chief Engineer, Department of Public Works, San Francisco, 
California. 
Clint Keifer, President, Keifer and Associates, Chicago. 
Ray K. Linsley, Hydrocomp Inc., Palo Alto, California. 
Murray B. McPherson, Director ASCE Urban Water Resources Research Program, 
Marblehead, Massachusetts. 
Forrest C. Nei11, Chief Engineer, Metropolitan Sanitary District, 
Chicago. 
Dick Pavia, Commissioner, Department of Waters and Sewers, Bureau of 
Engineering, City of Chicago. 
Joseph A. Smedlie, Chief Engineer, Northeastern Illinois Planning 
Commission, Chicago. 
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DuPage County 
DEPARTMENT OF PUBLIC WORKS 
COUNTY BUILDINGS 
WHEATON. ILLINOIS 
ROBERT W. HADLEY, P.E. 
S U P E R I N T E N D E N T 
RAYMOND M. HAAS 
COMMITTEE CHAIRMAN 
July 8, 1976 
Illinois State Water Survey 
P.O. Box 232 
Urbana, IL 61801 
Attn: Stanley A. Changnon, Jr. 
Re: Rainfall Patterns in 
Northeastern Illinois 
Dear Mr. Changnon: 
I am in receipt of your letter of July 2, 1976 and the 
rainfall patter for the storm of June 13, 1976, which did so much 
damage in South Eastern DuPage County. The type of information 
presented in this document is of great value to engineers and 
local governments who are involved in storm water management. 
I would like to continue to receive this information and any 
other information that would be pertinent. 
I would like to know also, if your organization is capable 
of determining duration of storm and the distribution of the rainfall 
during the storm duration. This information would be of value in 
developing very small basin storm sewer designs. 
Sincerely yours, 
H. Dale Dunteman, P.E. 
Drainage Engineer 
HDD/jag 
cc 
file 
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administrution 
NATIONAL WEATHER SERVICE F o r e c a s t Off ice 
1819 V. Pershing Road 
C h i c a g o , I l l i n o i s 60609 
July 23, 1976 
Mr. Stanley A. Changnon Jr. 
Atmospheric Sciences Section 
Illinois State Water Survey-
Box 232 
Urbana, Illinois 61801 
Dear Stan: 
We appreciated receiving the map of the June 13, 1976 rainfall pattern. 
Because of the variety and severity of the weather associated with the 
thunderstorms on that day, we have received a number of data requests 
in which we were able to utilize the isohyetal diagram you provided. 
Another thing that would be an important addition to our climatological 
records and our river forecast program would be the monthly precipitation 
totals for your dense Chicago network. Let me know if this would be 
possible. 
Thank you for sending us the useful map and we are pleased to be able to 
provide precipitation observations for this important project. 
Cordially yours, 
Raymond R. VJaldman 
Meteorologist in Charge 
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WGN CONTINENTAL BROADCASTING COMPANY 
WGN RADIO 720 • WGN TELEVISION 9 • 2501 BRADLEY PLACE, CHICAGO, ILLINOIS 60618 • TELEPHONE 312-528-2311 
J u l y 8, 1976 
Mr. Stanley A. Changnon, Jr. 
Illinois State Water Survey 
State Water Survey Division 
Box 232, Urbana, Illinois 61801 
Dear Mr. Changnon: 
I am very pleased to hear of your new network. I 
will greatly appreciate getting any further information you 
have and can send me as soon as it becomes available. 
I thank you very much for thinking of me and your 
thoughtfullness in sending it along to me. 
I am hopeful that you will send me more of these 
valuable reports. 
Sincerely, 
Harry Volkman 
WGN-TV Meteo ro log i s t 
HV:sls 
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4 1 4 W E S T F R O N T A G E R O A D 
E D E N S E X P R E S S W A Y A T W I L L O W R O A D 
N O R T H F I E L D , I L L I N O I S 6 0 0 9 3 
Phones: 312/446-7800 
Chicago: 312/273-5600 
Mi lwaukee: 414/933-0606 
30 March 1976 
Floyd A. Huff 
STATE OF ILLINOIS 
Dept. of Registration and Education 
State Water Survey Division 
Box 232 
Urbana, Illinois 61801 
Dear Floyd: 
Just a brief note to tell you that our group from M&T enjoyed your 
presentation on heavy rainfall at the March 25 AMS meeting. You 
covered a lot of ground in the time allotted. 
Thank you for a copy of the paper "Heavy Rainfall Relations in a 
Metropolitan Area". It arrived this A.M. If you or John Vogel are 
in the area, stop in and see us again. 
Cordially, 
MURRAY AND TRETTEL, INCORPORATED 
Dennis W. Trettel 
Certified Consulting Meteorologist 
DWT:jm 
C E R T I F I E D C O N S U L T A N T S I N M E T E O R O L O G Y T O B U S I N E S S - I N D U S T R Y - G O V E R N M E N T 
F O R E C A S T S • R E S E A R C H • S U R V E Y S 
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BRIEF REVIEW OF URBAN OPERATIONS PERTINENT TO CHAP 
The Waterway Control Center (WCC) of the Metropolitan Sanitary District 
of Greater Chicago (MSDGC) is faced with two basic problems in the operation 
of the canal system which is associated with operation of the urban sanitary-
storm sewer system. The first is that runoff from very heavy rainfalls will 
cause the water level in the system to rise and result in local flooding. In 
some instances, the polluted water from the combined storm and sanitary sewer 
system has to be discharged into Lake Michigan. The second problem is that 
the water level in the canal system must be such that the canal can be used 
for shipping. Thus, the Waterway Control Center is faced with the problem of 
keeping the level of the water in the canal system properly balanced to 
satisfy shipping concerns (specifically the Corps of Engineers), to minimize 
the discharge of polluted water into Lake Michigan, and to prevent local 
flooding. 
The possible preventative measures that WCC can implement to avert 
high water levels are: 1) full capacity operation of sewer treatment plants; 
2) full capacity operation of the power generators at the Lockport powerhouse 
and controlling works; and, 3) opening of gates at Lockport that allow water 
to flow directly into the Des Plains River from the canal system. The bulk 
of their control is through steps 2 and 3. The preventative measures to 
avert low waterway levels are: 1) through proper management of rainfall; 
and 2) withdrawing water from Lake Michigan. Water levels that are too high 
are the most serious problem and is the one being addressed in this report. 
The level of the waterway system is remotely measured at 12 locations 
and monitored by personnel in real-time at WCC. They are keenly aware of 
the lead time necessary to obtain a desired effect at various locations after 
certain measures have been taken. 
The basic underlying problem is that if the Lockport powerhouse at the 
southern end of the system is operating at full capacity and all gates are 
opened, it is 6-8 hours before the effect can be detected at the northern end 
(North Shore Channel) of the system. The northern part of the city is 
unfortunately the most critical area for rainfall because: 1) the channel 
is narrow and quickly fills with water; 2) the area is more impervious to 
rain than other areas and runoff quickly reaches the canal system; and, 
3) the required lead time is longest there. The central and southern portions 
of the city are certainly not without problems similar to the northern portion. 
However, the problems are less critical in these areas. 
The decision to adjust waterway levels is currently based on a 
rainfall forecast from a private concern. The forecast is received by 
telephone about 4 hours in advance of any rainfall. The forecast specifies 
rainfall start time, duration, and total average precipitation to be 
expected over the entire area. The interfacing of the forecast of rainfall 
and desired waterway levels is done from experience of WCC personnel and 
some dependence on operational guidelines drawn up for the operation of 
the canal system. 
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The control of the power generating system and gates at Lockport, and 
the control of other facilities, is handled by personnel at the sites. 
There is no remote control of these facilities at the WCC. When the decision 
is made to modify waterway levels, personnel at the sites are telephoned and 
given instructions on what measures should be taken. 
The WCC operates 24 raingages in their 1,000 square-mile-area of 
concern. Only twelve of these are recording raingages; however, real-time 
rainfall amounts are obtained from all 24 gages. The real-time monitoring 
of the rainfall allows WCC to verify the forecast and, in cases of incorrect 
forecasts, allows them to modify their operations as needed. 
The operation of a radar system by the Water Survey will allow 
monitoring of rainstorms while they are approaching the Chicago area. The 
radar monitoring operations will include observing the approaching storm's 
direction of movement, speed, intensity, areal extent, vertical size, and 
other characteristics. Predictions of rainfall amounts, time of occurrence, 
duration, and areal coverage will be based on the storm monitoring and will 
be provided to WCC (via teletype) for selected areas. This subject is 
discussed in more detail later in the section on real-time operational 
procedures. 
The real-time monitoring and collection of data will also allow for 
updating, as needed, of the prediction of total rainfall. This system of 
monitoring and prediction will enhance knowledge of real-time rainfall 
occurrence and should place MSD personnel in a better position to make 
decisions on the operation of the canal system which controls operation of 
the combined sanitary and storm sewer system. 
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SITING AND INSTALLATION OF RAINGAGE NETWORK 
Siting of Raingages 
Siting of the recording raingage network started in late November 1975 
and was completed on 28 February 1976. At that time, 300 prospective sites 
had been visited and tentative permission given for all but one site. Siting 
and installation of this extensive network in a fixed geometric pattern, the 
most desirable pattern for research purposes, has been a difficult and 
sizeable task. However, siting was expedited significantly through the 
assistance of interested users of the output from the ongoing research in 
the Chicago area (such as the Northeast I11inois Planning Commission, 
Metropolitan Sanitary District, and Chicago Department of Public Works). 
Early arrangements were made for siting of potential raingaging stations by 
these organizations using a tentative gage location map provided by the 
Water Survey. Final siting and installation was done by our raingage 
technicians. This early cooperation on the proposed research is both very 
helpful and indicative of the users interest and needs for a greater 
understanding of the meteorological factors which control optimization of 
the design and operation of urban hydrologic systems. A total of 64 
man-days were expended in the initial siting operation in the network area. 
The major problems encountered on the si ting operation were the winter 
weather, the shortness of the winter days, and inability to find working 
homeowners at home even on weekends. In most instances, the agreement of 
both partners of a married couple was necessary, requiring either a return 
visit or telephone call to the address to complete the cooperation. Almost 
without exception, cooperation was willingly given and, in many cases, 
interest was expressed in the instrumentation. Each cooperator was assured 
that he had no liability toward the instrumentation, that the site would be 
kept as neat as he would desire, and that the instrumentation would be removed 
as soon as possible upon his collect call to a designated number. Seven 
letters of assurance of release from liability were sent to cooperators at 
their request. 
Installation of Raingages 
All of the raingages assigned to the CHAP network were checked, 
repaired and adjusted where necessary, and calibrated before installing in 
the field. This task was carried on in the winter and early spring of 1976 
and was completed by late April. An order was placed for the purchase of 
20 new raingages to complete the network requirements; these were promised 
for delivery by 15 May, but were not received until July. 
Installation of the raingages started on 8 March with two men 
installing the instruments. Permission was received from the Cook County 
Forest Preserve District to store up to 40 instruments at a site on Preserve 
Property, and permission was also granted to store an unlimited number of 
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instruments upon property of the Metropolitan Sanitary District of Greater 
Chicago while they were being installed at the individual sites. Installation 
of the available raingages was completed on 29 April with 53 man-days expended 
on this operation. In general, two men were required for the installation 
at each site. On three different days at least 20 sites were instrumented 
per day. Installation was slowed somewhat by the necessity of transporting 
the instruments from Champaign in a vehicle which would carry only 30 
instruments plus the necessary stakes, buckets, and hail stands. 
The first instrument sites were opened and the training of servicing 
personnel begun on 4 May 1976. Four men had to be trained in the servicing 
of the instruments. The service areas for each technician are arranged such 
that no person has a more difficult area than another. Each man services 
some gages within the inner city and some in the suburbs and rural areas. 
This pattern is modified during June, July, and August by the available 
part-time technician who services 25 sites near the lake in the City of 
Chicago only. All of the available sites were operational by 5 June 1976. 
Appendix A is a copy of the instructions provided the field technicians for 
servicing of the sites. 
Upon the receipt of the 20 new gages in July, the necessary additional 
site cooperators were found and the instruments installed. All 300 sites 
became operational on 17 July 1976. New cooperators have had to be found 
for two sites since the beginning of operations. A total of 298 sites are 
serviced by Water Survey personnel, and two are serviced by others. These 
are the National Weather Service site at 0'Hare Field and Chicago State 
University on the South Side of Chicago. A 301st site is serviced by the 
owner's of that instrument, the Water Department of Crown Point, Indiana. 
Six gages remain at the Airport building in Champaign for future use as 
replacements or other possible uses. There are also 6 single-traverse gages 
and 21 gages on loan from the University of Chicago available for use in 
the CHAP program. 
The raingage network (Fig. 1) encompasses the: major urban area of 
Chicago; six counties of northeastern Illinois that include the Fox and 
DuPage River Valleys which are the location of a major EPA water quality 
study; and, northwestern Indiana where the rainfall is subject to influences 
of both the lake and Chicago-Gary industrial complex. In addition, a 
network of 15 recording gages is being installed in extreme southwestern 
Michigan by Western Michigan University in a cooperative effort with the 
Survey's Chicago project. These will be useful in conjunction with the Lake 
Michigan precipitation study. The raingages in the major urban-industrial 
areas of Chicago and northwestern Indiana are spaced approximately 3 miles 
apart; in the fringe areas incorporating the adjacent suburban and rural 
areas, the spacing increases to 5_6 miles. The entire raingage network 
incorporates, approximately 4,000 mi2, making it the largest raingage 
network in the World. 
-25-
INSTALLATION OF PRIMARY RADAR SYSTEM 
The primary radar system being used in the Chicago project is the 
FPS-18, a 10-cm set with associated data processor and minicomputer. This 
is referred to as the "HOT" system (Hydrometeorological Operational Tool), 
and is located near Joliet (JOT), SW of Chicago (Fig. 1). A brief summary 
of the establishment of this system in its operational location is given 
below. 
Site Selection 
The Joliet site was selected as a potentially favorable location during 
1975 when a search for the CHILL radar site was being made in the Chicago 
area. The CHILL system, described elsewhere in this report, is located at 
Governors State University (Fig. 1), and being used in conjunction with another 
research project. However, it is also lending support to our hydrometeorological 
research program in the Chicago area. The HOT site is on land belonging to 
the Agronomy Department of the University of Illinois and used for agricultural 
experiments. The exact location of the site on the University property was 
established in May 1976 after considerable negotiation with the Agronomy 
Department. The Water Survey has. provided $685 for installation of a septic 
tank to service our facility; otherwise, there has been no charge by the 
University for use of the 72-ft × 124-ft plot which we had requested. 
Building Construction 
During the first week of February 1976, several meetings were held 
relative to the buildings and funds to be spent on the Joliet installation. 
After exploring various alternatives, it was decided that a building of 
20-ft × 30-ft would meet the essential requirements of the project. Therefore, 
a request for prices was initiated through University channels. This was 
very time-consuming because of the many approvals required by University 
regulations for construction of a building on their property. In addition, 
it was required to have a registered professional engineer write the building 
specifications before final approval was obtained to request bids. 
A total of 26 requests for bids were sent out, but only one company 
bid on the building. Their bid of $12,460 was considerably higher than 
expected from our earlier surveying of such costs. In fact, excessive costs 
for the site facilities and power installation required an additional $16,000 
not provided for in the present grant, but these additional funds were 
secured from State funds. 
Power Installation 
Power installation proved to be very expensive. Negotiations were 
carried out in spring 1976 with Commonwealth Edison. They indicated that 
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bringing power to the radar installation would require them to install a 
line extension at a cost of $7,155. A final power entry design was accepted 
by Commonwea1th Edison in April. A purchase order was then written to cover 
the costs, and work was finally completed on this installation in mid-August. 
The above work only provided for getting power to the building. The 
electrical hookup for the building was contracted to Clennon Electric Company 
of Wilmington, Illinois. Their excessively high bid of $2,442 could not be 
handled under the University "no bid" contract provisions which has an upper 
limit of $1,500. Therefore, the service was redesigned, with Water Survey 
technicians doing part of the work and using some reclaimed wire from pur 
METROMEX Project. By so doing, we were able to get the bid price reduced to 
$1,483, and, thereby, avoid the long delay of going through the complicated 
bid procedures. 
Radar Pad Installation 
A pad for the antenna pedestal was designed and specifications written 
for bids. However, to expedite initiation of radar operations it was decided 
to have Water Survey personnel construct the pad, and this was done in 
mid-August. 
Equipment Moving 
Since the buildings at Joliet were not ready for equipment and the radar 
equipment needed to be moved from the former METROMEX site at Grafton, Illinois 
because of security problems, it was first moved from Grafton to Water Survey 
Headquarters at Champaign-Urbana during late spring 1976. After the building 
and associated trailers were installed on the Joliet site, the radar equipment 
and tools were moved to the present radar installation. There are three 
trailers being used in conjunction with the Joliet operation. Two of these 
were reconditioned at Water Survey Headquarters before moving to Joliet in 
late August. 
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CHILL RADAR INSTALLATION AND OPERATIONS 
The CHILL radar site was chosen in the spring of 1975. The primary 
requirements of the site were for coverage of the Chicago area and Southern 
end of Lake Michigan in conjunction with another NSF-sponsored project. 
The site chosen is in the community of Park Forest South on the campus of 
Governors State University (GSU) at Lat = 41° 27' 12.5" N, and Long. = 87° 
43' 6.0" W. This University is a state owned 4-year liberal arts college. 
Since the CHILL system is housed and transported in 3 trailers, the site 
requires only a foundation for erecting the antenna and the inflatable 
radome as well as 3-phase power. The concrete foundation was poured on 
November 2k, 1975. Power was completed on January 12, 1976. 
The CHILL system was returned to GSU at the end of operations in 
Oklahoma that were carried out in conjunction with the National Severe 
Storms Laboratory during Spring 1976. Reinstallation commenced on 6 July 
and the radar was operational by 15 July. The radome was installed on 
3 August. The CHILL system is substituting for the HOT system temporarily 
because of a slight delay in completing installation of the primary system. 
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RADAR SYSTEMS BEING USED IN CHAP 
There are two radar systems which are or will be used in the CHAP 
Project. These are the HOT system (Hydrometeorological Operational Tool) 
and the CHicago and ILLinois State Water Survey dual wavelength system 
(CHILL). The CHILL system is jointly owned by the University of Chicago 
and the Water Survey. It was developed in 1970-1972 and is unique in 
many ways. The HOT system is the primary system to be used on CHAP with 
back-up from CHILL which is associated primarily with another research 
project. 
CHILL System 
In actuality the CHILL system is two radars of different wavelengths 
integrated into a single system. The 10-cm radar is built around an 
unmodified FPS-18 transmitter. The data processing equipment is a special 
purpose processor which was built by Control Data Corporation to our 
specifications. This processor provides the necessary time domain integration 
for both the 10-cm and 3-cm signals. The integration" is normally performed 
with rectangular time windows (block integration). 
The processor has a doppler transform processor. This transform 
processor provides 16,384 spectral coefficients for each 1/2 second of 
operation. These may be divided into either 32 ranges with 512-point 
spectra or in any combination of two satisfying the total data rate, e.g. 
128 ranges with 128-point spectra. 
Most recently, a mean velocity estimator has been constructed which 
provides for estimates in each of 1024, 1-ys gates. This estimator has 
proven very successful in providing velocities in the storm. An added, and 
unexpected, benefit is the capability of coherent integration for extremely 
long time periods for small signals. The processor was designed as a 
floating point machine capable of handling strong storm signals for 1/2-
second integration time. Thus, for very small signals, the integration 
times can be as long as minutes without overflowing the registers. Integration 
times of 8 seconds have yielded echoes from the clear air within 200 ys range 
on every occasion. These signals provide velocity data of winds in the lower 
regions. 
The major deficiency of the CHILL system for use in CHAP is its 
relatively high pulse repetition frequency (PRF). This provides good velocity 
capability but the unambiguous range is only 154 Km which is not sufficient to 
provide good extrapolated rainfall estimates. 
HOT System 
The, H0T system is being developed with a more direct application to 
hydrologic needs. Thus, many of the features of CHILL which provide 
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information more relevant to cloud physics studies are not implemented 
in the HOT system. The relaxation of the velocity requirement (doppler) 
allows a reduction in the pulse repetition frequency and, thus, a 
corresponding increase in unambiguous range. Initially, the HOT system 
will have an unambiguous range of 230 Km. 
A second critical difference between the systems will be the 
incorporation of a minimcomputer (TI-98O) into the system to permit real 
time data manipulation and forecasting for real time useage. 
Again the basic radar system uses an FPS-18 transmitter modified to 
operate at a lower PRF. The antenna is a 20-foot parabolic mesh disk with 
a 1.5°-beam width. The data processor is an incoherent processor containing 
1024 range bins spaced 1.5 μs apart. The processor has an additional output 
of integrated data to the minicomputer. Magnetic tape will be produced from 
the processor for permanent files and later detailed data analysis. 
The TI-980 computer will directly access data from the processor. The 
computer will have 28,672 words of main memory as well as access to a disk 
memory. The TI-98O will provide conversion to rainfall rates, areal integration 
of the radar data, and extrapolation of radar data to obtain forecast rainfall 
amounts in future times. This forecast will be transmitted by the minicomputer 
to remote users. 
A further refinement of the HOT processor is planned for the winter 
of 1976-1977. This will provide a means of rejecting ground return from the 
data supplied to the minicomputer. The rejection of the ground return data 
will be by considerations of the statistics of extreme values of returns 
from ground return and from weather echoes. This may help the forecast 
system considerably. 
The general characteristics of both radar systems are displayed in 
Tables 6 to 8. 
Table 6. Characteristics of HOT and CHILL Radars 
CHILL 
Peak HOT 10-cm 3-cm 
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Table 7. Characteristics of Incoherent Data Processor 
HOT CHILL 
Number integration channels 1 4 
Number of range class per channel 1024 1024 
Integration type Block Block or Exponential 
Integration time constant* 1 ms-1 s 4 ms-165 s 
Range averaging* 0 1-64 ms 
Dynamic range of input 70 db 70 db 
Analog to digital converter length (bits) 8 8 
Value of least significant bit (db) 3/8 3/8 
Data Outputs 
Magnetic tape yes yes 
Analog integrated 10-cm signal yes yes 
Analog gray scale 10-cm signal yes yes 
Analog integrated 3-cm signal no yes 
Analog gray scale 3-cm signal no yes 
Digital data to minicomputer yes no 
Table 8. CHILL Doppler Data Processor 
Dynamic AGC gates — 1024 
Cancel lor gates -- 1024 
Cancel lor time constant — 8 ms-4 sec.* 
Doppler gates — 32 
Transform length — 35-512 coefficients* 
Weighting functions -- unity, Hamming, Bartlett 
Mean frequency and variance computed for each transform 
Pulse pair estimation of mean frequency gates — 1024 
Data Outputs: 
Power spectral density coefficients, cancel lor power, 
mean and variance recorded on magnetic tape 
Analog spectra 
Analog mean frequency (from Pulse Pair Processor) 
* 
In powers of 2. 
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RADAR OPERATIONAL PROCEDURES 
During Summer 1976, the CHILL radar Is being operated at all times for 
which forecasts of rain in the Chicago area indicate the probability of 
precipitation is greater than 30%. The operations are being made to obtain 
a data base which will permit evaluation of the various extrapolation and 
forecasting techniques which have been suggested. When the HOT system 
installation is completed, it will replace CHILL as the primary CHAP system. 
Oneof the requirements of great importance is the time continuity of 
the radar data, since it will be necessary to recognize some features from 
scan to scan in order to determine mean storm movement. Conflicting with 
this desire of high time resolution is the requirement to have three-dimensional 
information (e.g., how high in the echo). A decision was made to obtain a 
complete scan every 3 minutes. The radar operator is to choose the other 
elevations so as to optimize the scanning of storms which are approaching 
the city of Chicago. In practice, this has resulted in a base angle 360° 
scan followed by 3 scans of the storm sector with 1° elevation angle increments. 
This in turn is followed by 5 to 6 sector scans with 2° elevation increments. 
Thus, scans up to about 14 degrees can usually be accomplished in the given 
3-minute interval. Antenna speeds of 15°/s have been used which is about as 
fast as practical with the CHILL system when sector scanning 
With the antenna speed of 15°/s, an integration time constant of 64 ms 
has been adopted. This yields an output from integrator channel for each 
beam width of antenna motion. Only the 10-cm portion of the CHILL system 
has been installed for the CHAP program. 
The CHILL system is presently undergoing minor modifications to permit 
the HOT processor to be added to the system. This will allow the increase 
of unambiguous range which is felt to be very important. It also permits 
time for the two processors to be compared with respect to accuracy and 
dependability. First comparisons have been excellent. 
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PLANS FOR REAL TIME DATA ANALYSIS 
The TI-980 minicomputer is the basis for providing real time data to 
the Metropolitan Sanitary District (MSD). The central processing unit was 
on hand at the initiation of the present work but did require the addition 
of several items to provide the needed capability. In particular, since 
areal arrays of points are the basic data field representation, considerably 
larger memory capability was required. Thus, an additional 16,384 words of 
direct access main memory are on order from Texas Instruments. In addition, 
storage for past arrays and for forecast arrays must be provided. A disk 
memory capable of 1.14 million words of storage is on order to fulfill this 
requirement. The remaining item needed for the minicomputer is the direct 
memory access interface. This interface will allow the radar data processor 
to transmit data directly to the computer memory. 
The radar data which has variable spatial resolution, will first be 
converted to a rectangular array of data points. As a first estimate this 
array will be 64 by 64 points with a spacing of 3 statute miles. Thus, the 
original data (1024 x 360) will be reduced to about 1/100 of their original 
size. The resulting rectangular array will be converted to rainfall rate 
through use of a nominal radar reflectivity-rainfall rate relationship. This 
array will then be added to the previously collected arrays to provide the 
accumulated radar estimate. If rain has been present at any of the telemetered 
raingages a correction matrix (or calibration) will be computed from the 
telemetered data using the Brandes technique (Brandes, 1975). Velocity of the 
storm system will be either entered via a manual operation or computed 
directly from the data. 
Tendencies for growth in areal extent and in intensity will be computed 
from the last several data arrays. These variables will then be used to 
extrapolated the latest array forward in time for periods of 1/2, 1, 2, 3, and 
6 hours. The resulting forecast arrays will be added to the accumulated radar 
array to provide the forecast arrays. The forecast arrays will then be 
corrected by the calibration matrix and, thus, provide estimates of accumulated 
rainfall at each point of the array. 
For transmission of information to MSD a teletype terminal will be 
employed. Initially, at least, data from each of 3 urban areas will be 
transmitted on a once per 1/2 hour basis. In each area, the following 
information will be transmitted: 
1. Radar estimated accumulated mean rainfall to this time. 
2. Estimated additional amounts and accumulations in each of the 
next forecast time periods. 
3. Values of accumulated rainfall on the 3 x 3 mile grid points 
in the watershed. 
The equipment necessary to provide this telemetered link has not been 
chosen as yet. Likewise, the telemetry of raingage data to the radar site 
has not been considered in detail. 
-33-
SUMMARY OF INITIAL CHILL OPERATIONS (7/16/76-8/9/76) 
CHILL operations on CHAP commenced at Governors State University on 
16 July 76. Seventeen rolls of magnetic computer tape were used with the 
CHILL processor by 9 August. The HOT processor was installed on the CHILL 
system and the first data obtained on 23 July. Since that time, 9 rolls 
of tape data have been obtained. The table summarizes the operations 
during data collection periods. This represents 69 hours of data time. 
Table 9. CHAP Radar Operations 
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RAINFALL COMPUTER PROGRAMMING 
In general, the procedures which had been developed for the METROMEX 
rainfall processing have been adapted to the CHAP network (Schickedanz and 
Busch, 1975). The precipitation data are digitized directly from the 
raingage charts using a Model 3400 X-Y digitizer (Auto-trol). For each 
chart, the Auto-trol operator records appropriate identification information 
along with start and end times and locations of the raingage trace. In 
addition, critical information is entered which is essential for subsequent 
computerized scaling and adjustment of the X-Y data points and their 
conversion into times and rainfall amounts. The X-Y data points are then 
determined by recording a sufficient number of X, Y coordinate locations to 
adequately describe the raingage trace. Also, any missing trace information 
is recorded by the operator at this time. All of the above information is 
filed on magnetic tape by the Auto-trol machine, and the tape data are then 
processed by the IBM 360-75 computer to obtain a master card file of the 
raingage data. 
At this time, three programs have been revised, and a new diskpack 
obtained for the CHAP processing. The FILTAB program allocates storage 
space for the rainfall data, and writes dummy records into a file called 
"TAB". These records signify that no data has been stored for each gage 
and time possibi1ity. Later, as data is stored, the dummy record is revised. 
This procedure prevents inadvertent overwriting of data. The revisions 
required consisted of making new space calculations, and changing several 
orders in the program affected by the larger number of gages than were used 
in METROMEX. The revisions have been made, and the program has been 
successfully run. 
The STORAIN program does the actual filing and updating of raingage 
records on the disk files. The input is the card data as measured on the 
Auto-trol. The data is stored by a keyed access procedure, so that data 
representing each gage and date may be readily retrieved. This program 
required revisions reflecting the larger network. These revisions have been 
completed, and the program has been stored on the diskpack for convenient 
and low cost access. Several sets of raingage data have been stored on 
the disk successfully. 
The STINT program is a procedure which can calculate rainfall amounts 
or rates for any period, using as input the disk files of raingage data 
which were written by the STORAIN program. In addition to the revisions 
necessitated by the larger network, other changes have been made which 
reduced roundoff errors and improved the formating of printout. Further 
revisions are being investigated which will correct a situation that has 
on rare occasions produced a very small amount of erroneous data on METROMEX. 
This occurs when the charts are changed during a rainfall period. Work is 
progressing on this problem, and it is expected that it will be resolved 
in the very near future. 
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The type of output provided by the STINT program is illustrated in 
Figure 6, which shows 5-minute rainfall amounts for 1950-1955 CDT in an 
unusually heavy rainstorm on 13 June 1976. Rainfall amounts in inches are 
shown for each network gage. The asterisks indicate raingages with measurable 
rainfall at that time, and, thus, facilitate scanning and plotting of the 
data. The number, -19.99, designates missing data, which occurred at a 
considerable number of gages, since the full network was not yet in operation. 
The 0.84 inch at Gage 130 represents a 5-minute intensity of point rainfall 
(at that specific location) that is greater than the average 50-year 
frequency (Huff and Vogel, 1976). This storm is discussed in detail later 
in this report. 
Two other programs are under development. One involves a program to 
analyze the raingage data by individual gage locations, rather than by 
storms as now done with the revised METROMEX program. Both types of computer 
analysis are needed for the CHAP Project. The present storm analysis is 
needed for development of the real time prediction-monitoring system that 
utilizes a combination of radar and raingage information. The storm analysis 
is also needed in conjunction with the hydrologic design research, such as 
defining the characteristics of the time and space distributions of heavy 
storm rainfall. The gage-by-gage processing for large numbers of storms is 
needed in development of rainfall frequency relations on both a point and 
a rea1 bas is. 
The second program under development at the time this report was 
prepared (8/16/76) involves a method of objectively performing missing data 
estimates in the computer. The method used in the METROMEX Project has 
certain weaknesses which we hope to overcome in the CHAP Project. An 
improved technique has been devised, and is being programmed, after which 
its applicability to the problem will be evaluated and compared with the 
METROMEX method. 
Figure 6. Example of 5-Minute Rainfall Amounts Generated 
by STINT Program 
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RADAR PROGRAMMING 
Post Analysis 
A 'first pass1 program has been developed to convert the tapes produced 
by the two video processors used on the project into a uniformly spaced 
rectilinear grid covering an area of 10,000 mi2 surrounding Chicago. The 
grids are then archived for use by subsequent analysis programs. The advan-
tage of this first pass process is that the resulting grids are a much more 
manageable format compared to the raw data tapes. We plan to incorporate 
into the first pass program a technique for improving the radar rainfall 
estimate using raingage data from the CHAP network. Ultimately, we plan to 
use this technique in real-time analysis. Since the cost of telemetered 
raingages limits the size of real-time raingage networks, some experimentation 
is planned to determine how much improvement can be obtained with various 
raingage densities. 
A program has been developed to plot contoured rainfall rate maps 
from the archived grids. Several of these plots are included in this report, 
and are discussed in the section on analysis of the severe rainstorm of 
20-21 July 1976. 
Another program is under development to isolate features (raincells) 
on the radar grids. This program will also calculate total rain flux as well 
as areal coverage and center of mass for each feature isolated. By relating 
these features from scan to scan, their speed, direction, and growth can be 
calculated. Using these measurements, the starting time, duration, and 
total amount of rainfall expected in the various target areas can then be 
calculated. In this manner, we expect to demonstrate the effectiveness of 
radar for short-term (one to six hours) rainfall forecasts. 
Real-Time Analysis System 
An expansion of our on-site computer is planned to achieve the goals 
mentioned above as the rainfall process is happening (real-time monitoring 
and prediction). It is planned to make forecasts based on data which is 
at most 30 minutes old. Most of the major hardware additions have been 
selected and ordered (see block diagram in Fig. 7). The major items remaining 
to be purchased are the modems and print-out device for displaying the results 
at MSD. These items are readily available from several sources. 
The principal part of the new equipment is a direct memory access 
expansion for the TI-980 computer. This will allow high-speed (one million 
bytes per second) transfers of data from the video processor into the computer 
memory. These transfers require less than one sixty-fourth of the time 
available to the computer. The rest of the time will be used to construct 
the rectilinear grids and perform the various manipulations of these grids. 
The new disk drive will provide rapid access storage of up to one day's 
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DATA PATHS 
CONTROL PATHS 
** THESE ITEMS HAVE BEEN ORDERED 
* THESE ITEMS HAVE TO BE DESIGNED AND BUILT 
Figure 7. Block Diagram of On-Si te Computer System 
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supply of radar grids. Initial plans call for interaction between the 
computer program and the radar operator to aid in cell tracking. To 
implement this we are planning to interface a surplus graphics display to 
the system. We expect to have access to MSD's telemetered raingages to 
calibrate the radar rainfall estimates. Such an interface is feasible, 
but the specific details have not yet been worked out with MSD. 
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RADAR ECHO CLIMATOLOGY 
This study has been undertaken to obtain climatological information 
on the characteristics of radar echoes (storm entities) which produce heavy 
rainfall in the Chicago area. The echo characteristics will provide 
pertinent information for any radar-rainfall prediction methods that might 
be developed. 
Before purchasing large quantities of expensive radar data and launching 
into an exhaustive study of past data, it was deemed necessary to evaluate the 
past data for the National Weather Service (NWS) radar located at Marseilles, 
Illinois. This radar scans the Chicago area routinely. Therefore, radar 
data for one year (1975) has been purchased. The radar data applies to days 
on which heavy rainfall occurred at one or more of the NWS stations that 
measure hourly rainfall in the Chicago area. Heavy rainfall was defined as 
0.5 inches (or more) of rainfall in 3 (or less) consecutive hours and/or 
1.0 inches (or more) of rainfall in 6 (or less) consecutive hours. A total 
of 19 rolls of radar microfilm covering 30 days between 1 April and 1 October 
was purchased. 
The 40 echoes which produced heavy rainfall on 16 days in the late 
May-August period have been identified, and preliminary analyses of certain 
characteristics conducted on those echoes. The analyses have been confined 
to a period of time from 2 hours prior to the beginning of the rainfall 
until 2 hours after the end of the rainfall. This was done in an effort 
to obtain, in the short analysis time available, some representative data 
near the time of the rainfall occurrence on as many days as possible. 
The analyses procedure consisted of several basic steps. First, the 
date, time, amount, and location of rainfall was obtained from the NWS hourly 
precipitation data. Then the radar film was scanned at the time of the 
rainfall to identify the radar echo (or echoes) which produced the rainfall. 
Tracings of the echoes were done on a map (Fig. 1) about every 7 minutes. 
The tracings covered the period of interest — 2 hours prior to, during, and 
2 hours after the rainfall. After this task was completed, the tracings were 
overlaid and various echo characteristics determined. 
The results of the echo characteristic analyses appear in Table 10. 
The direction of movement refers to the direction from which the echoes are 
moving and the speed is in nautical miles per hour. The maximum top 
information (in thousands of feet) was obtained from radar operation logs 
and applies to the maximum top observed during the period of the tracings. 
The maximum intensity is expressed in terms of radar reflectivity (dbz) , and 
is the maximum observed during the period of rainfall. The total areal 
coverage is the total area swept out by the echoes during the entire period 
of the tracings. The areal coverage before, during, and after the rain 
applies to the echo coverage at a given instance at those times. No specific 
guidelines were established for when these areal coverage measurements were 
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to be made; however, the "before rain" and "after rain" values were obtained 
approximately 1 hour and 15 minutes either side of the "during" rain 
measurement. The time of the beginning and ending of the rain is expressed 
as a perceont of occurrence of all echoes for 4 periods of the day. For 
instance, the rain began between 1200-1800 CST in 37.5% of the 40 cases. 
A typical echo which produces heavy rainfall based on the median values 
in Table 10 can be depicted. It would begin between 1200 and 1800 CST and 
end between 1800 and 0000 CST. During this time it would move from 271° at 
21 nautical miles per hour, have a maximum top of 45,000 feet, and reach a 
maximum intensity of 46 dbz during the rainfall. It would cover 126 NMi2 about 
1 hour prior to the rain in Chicago, 326 NMi2 at some time during the rain, and 
304 NMi2 about 1 hour after the rain. The results shown here are preliminary. 
Many more echoes need to be studied over a longer period of time before firm 
conclusions can be reached. 
The decision on whether to purchase more radar film has not been made. 
There are two reasons for this. First, more of the 1975 data needs to be 
evaluated. Secondly, the current NWS radar data collection procedure began 
in 1973; therefore, data prior to 1973 also needs to be evaluated to determine 
if it can be used in this study. 
Table 10. Characteristics of Radar Echoes in the Chicago Area 
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STORM OF 13 JUNE 1976 
During the late afternoon and evening of 13 June, a storm of major 
hydrologic importance occurred within the Chicago urban area. Although 
radar operations on the project had not started at that time, most of the 
300 recording raingages had been installed and placed in operation. 
Consequently, we were able to derive a detailed description of the time 
and space distribution of the excessively heavy rainfall amounts that 
occurred in this heavy warm-season storm. 
Figure 8 shows the isohyetal pattern derived from the recording 
raingage network. The heaviest rainfall occurred over the southern part of 
Chicago and across the southwestern suburbs into southeastern DuPage county. 
Point rainfall amounts at some stations in the storm core recorded maximum 
point rainfall amounts for periods of 5 minutes to 3 hours that exceeded 
those expected once in 50 years, on the average, according to the recent 
study of Huff and Vogel (1976) and an earlier study by Hershfield (1961). 
Spatial Distribution of Rainfall 
Area-depth relations were derived to obtain a more precise measure of 
the spatial distribution of rainfall in the storm than is provided by the 
isohyetal map of Fig. 8. Area-depth relations are frequently employed in 
hydrologic analyses for evaluation and design purposes. Three variations 
of the area-depth approach are being used to provide the basic spatial 
information in our studies. 
In Fig. 9, we have shown the standard type of area-depth curve. 
Here, the rainfall is accumulated in decreasing amounts from the storm 
center outward to show the maximum average rainfall for incremental areas 
of the total area-of-interest. The y-intercept represents the maximum 
point rainfall in the storm and the last point is the mean rainfall for 
the total area analyzed. The slope of the area-depth curve is a measure 
of the rainfall gradient, so that the curve provides a measure of the three 
most important spatial parameters, that is, maximum rainfall, areal mean 
rainfall, and the rainfall gradient. 
Two curves have been shown, one for the incorporated city of Chicago 
and the other for the city and outlying areas encompassed by the storm. 
Because the major axis of the city is oriented N-S and the storm center 
was oriented close to W-E, there is a relatively steep slope to the city 
curve because of the wide range of rainfall over the urban area (Fig. 9). 
The regional curve of Fig. 9 shows a larger mean, a similar maximum, and 
a less steep gradient than the city curve in the 5-hour storm from 1600 to 
2100 CDT. The regional curve was derived from the area bounded by the 
0.5-inch isohyet. 
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Figure 8. Isohyetal Pattern in Storm of 13 June 1976 
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Figure 10 shows another form of area-depth curve in which the area 
enveloped by point rainfall values of various magnitude are determined for 
the area-of-interest. Similar to Fig. 9, the point rainfall is accumulated 
from the storm center (maximum) outward to lesser amounts. This curve, 
usually referred to as an area-depth envelope curve, provides useful 
information on the spatial distribution of excessive rain amounts. As an 
example of the information derived from such curves, the portion of the 
heavy storm region with point rainfall amounts exceeding selected frequency 
values has been shown in Fig. 10. Thus, approximately 120 mi2 at the 
center of the storm had point amounts that exceeded the rainfall that would 
be expected to occur once in 50 years, on the average, in a 5-hour storm in 
this region of Illinois. Similarly, 160 mi2 experienced a 25-year rain 
event and 260 mi2, 54% of the major storm area, had rainfall that exceeded 
a 2-year storm event. 
Figure 11 shows a percentage area-depth curve for the storm region. 
This was obtained by converting the rainfall amounts along the standard 
area-depth curve of Fig. 9 to ratios of the mean rainfall for the total 
area. These subarea ratios were then plotted against the percent of the 
total area which they represented to obtain Fig. 11. For example, Fig. 11 
shows that 10% of the storm region had a mean rainfall that was 2.05 times 
the 480-mi2 mean, 25% of the area had a subarea mean that was 1.86 times 
the total areal mean, and the 50% of the 480-mi2 region with the greatest 
rainfall averaged 1.54 times the regional mean. 
Figure 11 is a non-dimensional curve. These curves are used to 
combine data between numerous storms, so as to derive typical spatial 
distributions for a given basin or region, and to ascertain the degree 
of variability about the basin mean or median curve. The derived non-
dimensional curves of spatial distribution can then be used to distribute 
rainfall in design problems. 
For example, after determining a mean curve of the above type for the 
Chicago urban area through analyses of a series of heavy storms over a 3-
to 5-year period, one should be able to specify a mean distribution curve 
with reasonable accuracy. From records of the National Weather Service 
(formerly Weather Bureau), one can derive point rainfall frequency relations. 
The point rainfall for a particular recurrence interval could then be used 
as the upper point on the spatial distribution curve. Using this value in 
conjunction with the curve slope, a typical area-depth relation could be 
derived for the metropolitan area. From the derived non-dimensional 
relationships, there would then also be the capability, if desired by the 
designer, to specify the degree of variability about the mean curve that 
could be expected in specific storms. This could be expressed in probability 
terms. 
Time Distribution of Rainfall 
The severity of the 5-hour storm on 13 June is illustrated in Table 11. 
Maximum rainfall amounts for selected periods within the storm are shown for 
Stations 130 in south Chicago, 188 in the southwestern suburbs, and 146 in 
southeastern DuPage County (see Fig. 1 for station locations). Very intense, 
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Figure 9. Area-Depth Re la t i on in Storm 
of 13 June 1976 
H g u r e 10. Area-Depth Envelop Curve f o r 
1600-2100 CDT in Storm of 
13 June 1976 
Figure 1 1 . Percentage Area-Depth Re la t i on 
f o r Major Storm Region in 
Storm of 13 June 1976 
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short-period amounts were recorded at Station 130 in the northern part of 
the storm core. At this point, the maximum amounts for 5 minutes to 3 hours 
all exceeded the 50-year point rainfall frequencies established by Huff and 
Vogel (1976), and these are somewhat greater than those provided for this 
general area in Technical Paper 40 (Hershfield, 1961) which has been commonly 
used by hydrologists in design applications. The 1-hour, 2-hour, and 3-hour 
amounts at Station 188 and the 2-hour and 3~hour amounts at Station 145 also 
exceeded the 50-year average frequencies; shorter period amounts at these 
stations ranged from 2-year average frequencies for 5 minutes to the 50-year 
values mentioned above. 
Table 11. Maximum Rainfall Amounts at Selected Stations 
in Storm of 13 June 1976 
Rainfall Amount (inches) 
Period (Minutes) 130 145 188 
5 0.84 0.41 0.46 
10 1.42 0.71 0.91 
15 1.72 1.11 1.30 
30 2.82 1.76 2.19 
60 3.96 2.68 3.44 
120 4.53 4.03 4.66 
180 4.80 4.66 4.79 
Storm Total 4.92 4.91 5.00 
Figure 12 illustrates one method of analyzing the time distribution 
of storm rainfall. A mass curve is shown for point rainfall at Station 130. 
This curve was constructed from 5-minute, computer-generated analyses of 
the raingage data. Similar curves can be constructed for any subarea of 
interest through combining the appropriate raingage data in one of the 
computer programs being used in the raingage data processing. Approximately 
80% of the storm rainfall fell from 1900 to 2000 CDT according to Fig. 12, 
and 57% from 1930 to 2000. This is a third-quartile storm, according to 
the classification of Huff (1967); that is, the heaviest intensities occurred 
in the third quarter of the storm period. This distribution occurred at 
most stations. 
Figure 13 shows another breakdown of the time distribution at Gage 130. 
Here, 30-minute rainfall amounts are indicated. These clearly illustrate 
the gradual intensification of the storm with advancing time, followed by a 
very rapid decrease in intensity immediately following the maximization at 
1945-2000 CDT when the 15-minute amount exceeded the average 50-year frequency 
value. 
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Figure 12. Cumulative Rainfall at Gage 
130 on 13 June 1976 
Figure 13. 15-Minute Rain Amounts at Gage 
130 on 13 June 1976 
Figure 14. Examples of Time Distribution Curves 
in Storm of 13 June 1976 
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Figure 14 shows a non-dimensional presentation of the time distribution 
of point rainfall at two of the gages with extremely heavy amounts. These 
curves relate the cumulative percent of storm time and cumulative percent 
of storm rainfall. Construction of this type of curve for a large number 
of storms provides a method for developing time distribution relations for 
utilization by hydrologists or others. These non-dimensional curves were 
used by Huff (1967) in developing families of time distribution curves 
expressing median to extreme distributions in heavy storms from dense network 
data in central Illinois. The same technique will be used in analyses of 
the Chicago network data. The method is equally applicable to development 
of point or areal relationships. 
STORM OF 20-21 JULY 1976 
The second exceptionally heavy rainstorm of summer 1976 occurred on 
20-21 July. This storm initiated at some of the network stations between 
1600 and 1700 CDT and ended on the extreme eastern part of the network at 
about 0400 CDT on 21 July. However, most of the network rain fell in the 
period from 1800 to 0200, and all of the rain at the storm center occurred 
in this 8-hour period. 
The total storm rainfall pattern is shown in Fig. 15. Over 8 inches 
was recorded in the center of the storm, east of Joliet. The storm was 
centered approximately 19 miles southwest of the heavy storm center of 
13 June. The July storm did not produce heavy rainfall in the urban area, 
but heavy rains did occur in the southwest suburbs which also experienced 
heavy rainfall in the June storm. For example, Station 188 had 5.00 inches 
in the June storm and 6.45 inches in the July storm. Point rainfall amounts 
in the storm core of the 20-21 July storm exceeded those to be expected, on 
the average, of once in 50 years. 
Spatial Distribution of Rainfal1 
Figures 16 to 18 show the same type of area-depth curves as presented 
for the 13 June storm where their uses were described. These curves were 
derived for the portion of the storm inside of the 2-inch isohyet of Fig. 15. 
Figure 16 shows an average rainfall of four inches over the 1750 mi2 inside 
of this isohyet. Figure 17 shows that an area of 400 mi2 had point rainfall 
exceeding the average 50-year recurrence value. Similarly, 660 mi2 experienced 
rainfall greater than expected once in 25 years, and 980 mi2 exceeded the 
average 10-year storm amount. Thus, we have experienced two outstandingly 
heavy storms of hydrologic significance since raingage network operations 
began. Furthermore, we obtained a complete history of the July storm with 
our CHILL radar system, and this very valuable data and information is 
discussed later in this report. Typical of such heavy storms was the very 
steep rainfall gradient indicated by the area-depth curves, particularly 
Fig. 18 which shows a rapid decrease from the storm center where the mean 
rainfall was over twice the average inside of the 2-inch isohyet. 
Time Distribution of Rainfall 
The severity of the July storm is indicated further in Table 12 
where maximum amounts are shown for Gage 221 which recorded 8.05 inches 
of rainfall between 1800 and 0200 CDT. The average recurrence interval of 
these maximum amounts is also indicated, based upon the point frequency 
relations of Huff and Vogel (1976). Thus, all periods from 2 hours to 8 
hours had amounts exceeding the average 50-year frequency value. 
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Figure 15. Isohyetal Pattern in Storm of 20-21 July 1976 
- 5 1 -
F igure 16. Area-Depth Re la t ion in Storm of 20-21 Ju ly 1976 
Figure 17. Area-Depth Envelope Curve in Storm of 20-21 Ju ly 1976 
Figure 18. Percentage Area-Depth Re la t ion in Storm of 20-21 Ju l y 1976 
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Table 12. Maximum Rainfall Amounts at Gage 221 
in Storm Center on 20-21 July 
Average 
Recurrence 
Period Amount (in.) Interval (yrs) 
15 minutes 0.79 2 
30 minutes 1.42 8 
60 minutes 2.36 25 
2 hours 4.15 >50 
3 hours 5.92 >50 
6 hours 7.54 >50 
8 hours 8.05 >50 
Figure 19 shows the mass curve of rainfall at Gage 221, based upon 
15-minute amounts taken from the recorder chart. Heavy rainfall occurred 
nearly continuously from 2000 to 2300 CDT. Figure 20 shows non-dimensional, 
time distribution curves for two stations near the storm center. As 
indicated in discussion of the 13 June storm, these are the type of curves 
being used to generate design curves for hydrologic applications. This was 
a second-quartile storm, whereas the June storm was a third-quartile storm. 
Radar Portrayal of Storm 
A complete history of the storm of 20-21 July was obtained with the 
CHILL radar. The utility of radar for real-time monitoring and prediction 
are briefly discussed and illustrated in the following paragraphs using 
illustrations from this severe rainstorm. 
Figure 21 shows the computer-generated base map upon which radar storm 
patterns are plotted using the CALC0MP plotter with the IBM 360/75 computer. 
The pattern analysis is provided by our radar programs discussed earlier. 
For later reference in discussion of the radar storm patterns, we have 
indicated the names of cities in the experimental area which appear as 
permanent targets in the radar storm portrayals. Also shown are the location 
of the raingages whose positions can be computer plotted for comparing radar 
and raingage storm patterns and other types of analyses that will be performed 
in our research program. The location of the HOT and CHILL radars is shown 
on Fig. 1, along with other basic information such as major highways and 
latitude-longitude intersections. All of the basic information on Fig. 21 
is computer-generated through use of one of our radar programs. 
Figure 22 is a series of four radar storm patterns selected to show 
conditions in the early part of the storm period. Figure 22a at 1729 CDT 
shows a line of echoes (storm cells or entities) oriented ENE-WSW between 
Aurora and Joliet (refer to Fig. 21 for names and locations). The storm 
-53 -
F igure 19. Cumulative R a i n f a l l at Gage 221 in Storm of 20-21 Ju ly 1976 
Figure 20. Examples of Time D i s t r i b u t i o n Curves in Storm of 
20-21 Ju ly 1976 
Figure 2 1 . Computer-Generated Base Map of Exper imental Area 
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had not yet reached the Joliet area where the heaviest rainfall center 
was later recorded. In the radar portrayals, rainfall rate Is plotted In 
mm/hr. The outer Isoecho line represents a radar-indicated rate of 1 mm/hr 
and the next isoecho moving inward is 10 mm/hr, after which isoechoes 
(radar-indicated rain rates) are plotted for 10 mm/hr intervals. At 1729, 
maximum rates of approximately 30 mm/hr (1.2 in/hr) were indicated by the 
radar. 
The rainfall rates were determined here by an empirical relationship 
between radar reflectivity and rainfall rate which was developed in earlier 
studies at the Water Survey. Recently, a method has been developed by 
Brandes (1975) which is a major improvement on the older empirical techniques, 
and this method will be used when programming it to our measurement problems 
is completed. Interested readers are referred to the Brandes paper for 
discussion of the technique. Basically, it uses the precipitation field 
determined from available recording raingages to calibrate the radar signals 
(reflectivity) at appropriate intervals in order to account for the 
considerable space and time variation in the radar reflectivity-rainfall rate 
relation that occurs naturally. 
Figure 22b, 51 minutes later at 1820 CDT, shows the squall line having 
moved SE to the Joliet (JOT) region. At the same time, a new line of echoes 
had developed NW of Aurora (AUR). Maximum rates in the Joliet storm exceeded 
40 mm/hr (1.6 in/hr) at 1820, and the storm was In the region that was to 
receive the heaviest storm rainfall. Echo motions indicated the JOT storm 
was moving SE about 18 mph from 1730 to 1820. 
By 1845 (Fig. 22c), the AUR storm had developed considerably in areal 
extent and intensity and the squall line was moving SE at 20 mph. Meanwhile, 
the JOT storm was drifting slowly across the region of heavy rainfall and 
maintaining heavy intensities of 1 to 2 in/hr in the center of the individual 
convective entities within the squall line. These squall lines were 
generated along a quasi-stationary front located a few miles north of the 
heavy rainfall region. These lines were moving southeastward, and as 
observed at this time and verified later, were intensifying and moving much 
slower across the region of maximum rainfall in the JOT area (see isohyetal 
map of Fig. 15). 
By this time, an experienced rainfall analyst assigned to a real-time 
operation could have determined from the synoptic weather situation and the 
behavior of the radar echoes that a severe rainstorm was highly likely in 
the Aurora-Joliet region. Our real-time prediction-monitoring system under 
development would not only have been accumulating the rainfall totals 
throughout the area, but by 1830-1845 would have recognized the strong 
probability of a severe rainstorm and started communicating this information 
to the user. 
The last isohyetal pattern in Fig. 22 shows the situation at 1923, 
38 minutes after Fig. 22c. The initial squall line had drifted south of 
JOT and was dissipating. However, the second line had grown considerably 
in areal extent and had become oriented W-E between AUR and JOT. The line 
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Figure 22. Selected Radar-Indicated Rainfall Patterns 
in Early Part of Storm 
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Figure 23. Selected Radar-Indicated Rainfall Patterns During 
Early Part of Heavy Rainfall in Joliet Region 
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had become nearly parallel to upper level winds which would tend to slow 
its movement henceforth. 
Figure 23a shows the storm system 13 minutes later at 1936 CDT, when 
it had intensified more as the result of mergers with nearby storm entities. 
Rainfall rates were as high as 60 mm/hr (2.4 in/hr) in the most intense 
cell in the system. By 1950 (14 minutes later), the system had moved 
directly over the JOT area with maximum rates of 40-50 mm/hr. The system 
was being maintained by mergers with separate storm entities on its north 
side which were moving off the front or developing between the front and 
the AUR-JOT region. This is a common characteristic of severe rainstorms 
in Illinois (Huff, 1967). 
Figure 23c shows the storm 14 minutes later (2004 CDT). During this 
period, the storm had remained quasi-stationary in the instability zone 
which had first developed in the JOT area about 1800 CDT, The development 
of a favored area of intensification through which a storm system passes 
is another common characteristic of severe rainstorms which is recognized 
by the experienced analyst. Rates as high as 60 mm/hr (2.4 in/hr) were 
indicated by the radar at 2004. 
By 2018 CDT, 14 minutes later, the system had moved very little and 
continued to be most intense in the JOT region, but with relatively heavy 
rainfall also occurring in a W-E zone southward from AUR and extending 
eastward to the SW suburbs of Chicago. 
Figure 24 shows selected maps during the period 2032-2110 CDT when 
the severe storm maintained itself near AUR-JOT with very heavy rain rates 
ranging up to 2.5 in/hr. The majority of the rainfall in the heaviest 
rainfall center (Fig. 15) occurred during the evening hours in the quasi-
stationary storm zone in the JOT region. 
Figure 25 illustrates rainfall patterns observed by the radar in the 
period 2152-2251 when heavy rainfall continued in the AUR-JOT region. Note 
that at 2152 another area of echoes have appeared north of Elgin (ELG) , 
just slightly south of the front (not shown) that was generating the storm 
activity. The ELG activity moved southward and merged with the storms in 
the AUR region, and produced heavy rainfall from 2230-2400 CDT in the ELG 
region. This activity was the major contributor to the relatively heavy 
rainfall zone near ELG in Fig. 15. 
Note also the storm zone oriented NW-SE through the AUR region in 
Fig. 25a-b. This zone developed at the expense of the JOT zone in late 
evening and produced the most intense rainfall in the 2200-2230 period. 
A maximum of 80 mm/hr (3.2 in/hr) was indicated by the radar at 2223 
(Fig. 25b) ESE of AUR and NE of JOT. This NW-SE squall zone contributed 
heavily to production of the WNW-ESE line of heavy rainfall lying NE of 
JOT and ESE of AUR in Fig. 15. 
The performance of the radar in this unusually severe rainstorm was 
excellent, and very encouraging with respect to development of a reliable 
real-time system of monitoring and prediction utilizing a combination of 
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Figure 24. Selected Radar-Indicated Rainfall Patterns During Most 
Intense Rainfall Period in Joliet Storm Center 
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Figure 2 5 . Selected Radar-Indicated Rainfall Patterns During Later 
Stages of Storm Period 
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radar and raingage data. The radar portrayal of the storm was complete 
from start to finish and provided much greater detail of storm characteristics 
and behavior than can be obtained by any other means. Comparison of the 
radar-indicated rainfall rates with those measured at raingages in our dense 
network showed excellent agreement. This indicates that real-time storm 
accumulations can be determined accurately by proper uti1ization of available 
radar equipment and technology. The location of the heavy rain centers 
obtained from the dense raingage network (Fig. 15) agreed closely with radar-
indicated regions of maximum rainfall, but provided less spatial detail than 
the radar. Also, the areal extent of the storm and its orientation was 
measured accurately by the CHILL system. 
The storm characteristics portrayed early in the storm period were 
sufficient to allow an experienced analyst to recognize the strong probability 
of a heavy rainstorm, and this is most important for any real-time operation. 
Overall, we are extremely satisfied with the results of our first radar 
operational experience in a severe rainstorm, which, if it had been centered 
over urban Chicago instead of the adjacent suburbs and rural area would have 
produced severe flash flooding. This condition could not have been forecast 
with normally available synoptic weather data, or recognized early in the 
storm period without radar scanning of the area. 
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COLLAPSE OF ROOFS DUE TO HEAVY RAIN AND HAIL 
The operation of two large and dense weather networks to record and 
measure hailfalls and rainfall in two urban areas (St. Louis and Chicago) 
have yielded an interesting observation that may need to be considered in 
the design of buildings. The Water Survey operated a network of 250 hail 
and rain sensors in a 2,000 square mile area surrounding St. Louis during 
the 1971-1975 period in a study to learn how cities affect the weather with 
special attention to rainfall. The CHAP network began operation in June 
1976 to study rainfall and hail distribution in the Chicago region with 300 
recording raingages and hail sensors. 
During the operation of these networks two instances of roof collapse 
have come to our attention. Quite possibly, more such roof failures occurred 
and we were not aware of the occurrences. 
Both roof failures we know about relate to the following sequence of 
events. First, during heavy thunderstorm conditions, an extremely intense 
hailfall occurs over several square miles yielding hailstones for periods 
of 15 to 30 minutes. During this time and in the following hour, very 
heavy rains of up to 3 or more inches occur. This sequence of events, 
occurring on a flat roof factory in the East St. Louis area and on a 
restaurant in the south Chicago area, produced a filling and clogging of 
the downspouts of the buildings with hailstones sufficient to block the 
rain runoff. Thus, much of the entire rainfall was trapped on the roof, 
apparently producing a weight load greater than designed for and resulting 
in the collapse of the roofs under these unusual loads. 
An immediate question from designers of structures will concern the 
frequency of such an event. There was no systematic collection of information 
of this type during these projects, which focused on other goals. However, 
it is likely that there were more than these two events which occurred where 
project staff were nearby. Studies of hail in the Great Plains and the Rocky 
Mountains reveal that in areas where hail is quite heavy, extremely intense 
rainfalls seldom occur during these hailfalls. Hail in the west tends to 
precede the rain and is often attended by very little rain. However, in the 
Midwest heavy hailfalls are generally buried within and near the center of 
heavy rain cores. Midwestern thunderstorms tend to produce their hail and 
rain in the same area, as opposed to the typical thunderstorm of the west. 
The roof collapse on 12 August 1973 in East St. Louis occurred where 
hail fell for 18 minutes producing 327 hailstones with 2 inches of rain in 
1 hour. The collapse in Chicago on 13 June 1976 occurred with 406 hailstones 
in 20 minutes and 3.2 inches of rain in 2 hours. More than 20% of all point 
hailfalls in Illinois occur with rainfall amounts greater than 0.6 inch. 
Hailfalls at a point in the Midwest produce hailstones with diameters greater 
than 4 cm during only 3% of the hailfalls. However, 5% of the time Illinois 
hailfalls have more than 300 stones per square foot. However, many heavy 
rain events, those greater than 2 inches in a few hours, do not occur 
simultaneously with hail. However, it would appear that the conditions of 
heavy hail and rain do occur sufficiently often in midwestern severe weather 
conditions to make it an issue worthy of consideration in structural design. 
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SUMMARY 
The previous sections of this report have described, often in 
considerable detail, the extensive efforts that have been expended on this 
project. These efforts have included considerable manual labor, scientific 
planning, and technical know-how, all required in the installation and 
operation of the world's largest raingage network and a sophisticated 
weather radar system. Substantial progress has been made in the extensive 
and complicated programming required in conjunction with various aspects 
of the research. Analyses of rainfall data from the 300-gage network and 
associated radar data have proceeded satisfactorily and have yielded very 
useful information applicable to both the development of the real-time 
prediction and monitoring system and the hydrologic design phases of the 
project. User interaction has been excellent and reaction to the research 
most gratifying. 
The progress on this nationally important project can be measured by 
comparing the status, after 7 months of NSF/RANN support, with the milestones 
set forth in the proposal to NSF/RANN. A series of 11 milestones were listed 
in the proposal for completion by the end of the 9th month. These can be 
used to measure the extent of progress on the project and to help NSF/RANN 
evaluate the project for further support in years 2 and 3. These milestones 
are listed in Table 13. Comparison of these milestones with the activities 
of the project to date reveal that most of the milestones slated for 
accomplishment by the end of the 9th month (October 31, 1976) have been 
accomplished by the end of the 7th month. Milestone 10 is slated for the 
9th month. In every respect, the project is either on or ahead of its 
proposed schedule. 
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Table 13. Milestones at End of First Nine Months Submitted to NSF 
1. Siting of 300 recording raingages at locations of similar exposure and 
arrangements with owners of each site all completed. 
2. Installation of 300 raingages in 9,000 km2 area completed. 
3. Erection of radar facility (building, cement antenna pad, power lines) 
and installation of all radar-computer equipment completed. 
k. Operations of 300 raingages begins in 7th month and 2+ months of data 
acquired by 9th month. 
5. Orders for communication system components and computer memory equipment 
placed, equipment received, and interfacing with the existing radar-
computer system in progress. 
6. Radar operations begin in 5th month with intermittent data collection 
in 5th and 6th months to test and check the system and to calibrate 
all components by end of 7th month. 
7. All historical (≥20 year records) rainfall data in the area (17 recording 
raingages and 10 nonrecording gages) will be collected, digitized, and 
analyzed to provide areally limited but useful background rainfall 
information to complement the 3" to 5-year data from the 300 gage network. 
These climatic data will be analyzed to show for heavy rainfall a) point 
frequencies, b) time between heavy storms, c) diurnal distribution, and 
d) seasonal distributions. A report presenting all results will be 
completed and printed by month 9. 
8. Radar and raingage data for months 7 and 8 will be largely digitized 
and processed, and outputs will exist for inspection for at least 6 
of the 15 daily rain periods expected in that time span. 
9. The Advisory Panel of the project willhave been convened in the first 
6 months and will have provided guidance in a document. 
10. A select group of interested scientists and engineers in the area 
representing N0AA, the Metropolitan Sanitary District, EPA, Northeast 
Illinois Planning Commission, and others will be hosted at the project 
radar headquarters during month 7 or 8 for a briefing on the project. 
11. At least two scientific papers concerning the project will have been 
published, and at least 2 talks at scientific-engineering (user) 
conferences will have been made. 
Marked from the time the grant is received in Illinois 
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APPENDIX A 
INSTRUCTIONS FOR CAP RAINGAGE TECHNICIANS 
I. Supplies required for proper servicing of the instruments at the CAP 
sites 
A. Weekly or 192-hr raingage charts 
B. Daily or 24-hr raingage charts 
C. A supply of newly-wrapped hail pads sufficient to change the portion 
of the network to be serviced that day 
D. A bottle of special raingage ink with dispenser 
E. A 3/8th-inch open-end wrench 
F. Grass clippers 
G. Grass sickle if you have sites with tall grasses 
H. A soft, absorbent rag or similar absorbent material for ink spills. 
Facial tissues are excellent 
I. Two black ball-point pens or soft lead pencils 
J. Two black permanent-ink (indelible) felt pens 
K. A small supply of aluminum nails 
L. At least one extra Bel fort and Friez clocks 
M. An extra hailstand 
N. An extra 12-qt bucket of the shape that fits the raingages 
0. Clipboard with servicing log form 
II. Correct time - it is imperative that the servicing of the gages be 
performed using the correct time; check your watch as closely as possible 
with the broadcast "tone" from WGN at 0700, 0800, or possibly 0900 LT 
before you start your network servicing each morning. Other time checks 
are available on the hour during the day. WGN should always be your 
first choice of a standard for this time check. Your watch should be 
set as close to the exact time as possible, approximately ± 15 seconds. 
III. The order of servicing 
A. Cut the grass around the raingage and hailstand. This should be done 
to the specifications of the homeowner or below the level of the 
hail pad and raingage door, whichever is shorter. 
B. Change the hail pad 
1. Remove the old pad, noting the north direction and checking to see 
that it was correctly oriented. Make the necessary notations 
for the wrong direction. 
2. Write the OFF date on the old pad and store the pad in your vehicle 
such that the foil will not be damaged. 
3. Print the Site #, N, and the date on the edge of the new pad. 
4. Place the new pad in the hail stand with the printing inside the 
north edge. Fasten the new pad into the hail stand with two 
aluminum nails through the holes in the edges of the stand. 
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C. Service the Raingage 
1. Open the sliding door on the side of the raingage, touch the 
bucket platform upright casting to mark the OFF time on the 
chart, noting that a vertical mark has been made. Note the 
time from your watch, remove the vertical pen restrainer 
where necessary, and lift the pen from the chart with the 
bracket provided. 
2. Remove the collector from the raingage 
3. Remove the bucket and pour the accumulated water into the standard 
measuring tube. Measure the depth of the water in the tube 
with the ENGLISH side of the measuring stick. If there is 
more than 2 inches of water in the bucket, the tube will have 
to be filled and measured the number of times required to 
measure all of the water. Nominally, the tubes hold two 
inches of water, but this is not true for every tube; they 
must be individually checked for accuracy. If more than one 
tube measurement is made, the totals must be added for the 
complete total to be recorded on the raingage chart. 
4. As necessary, open the gage to be able to remove the chart drum 
from its spindle. Before removing the chart from the drum, 
write the time that the pen was lifted from the chart in the 
appropriate place. Write the stick amount. Neatly write 
"OFF" by the vertical trace at the end of the recording. 
5. Wind the clock 
6. Note the error between the time that the pen was placed on the 
chart and the time that was given as the ON time; note the pen 
OFF time and the actual OFF time; make the necessary calculations 
to determine the actual clock error and write this error on the 
clipboard log for this date and site. If the error is more 
than five minutes per week for two weeks in a row for a DAILY 
gage or 30 minutes or more for a WEEKLY gage, make the appropriate 
correction to the rate control on the chart drive. 
7. Remove the chart from the drum carefully to avoid smearing the 
fresh ink at the end of the trace. 
8. Reinstall the bucket on the bucket platform in the gage. If there 
has been water in the bucket, it is unlikely that you will have 
been able to pour al1 of it into the tube for measurement. 
There will be some left on the sides and bottom of the bucket 
and this will cause the "empty" bucket to weigh more than it 
will when it is completely dry. Leave the zero setting alone 
so that the trace will lower to the zero line on the printed 
chart as the bucket continues to dry. 
9. Install a new chart on the drum, making the fit as tight as possible. 
If the chart is not tightly wrapped around the drum, the bulge 
in the chart will cause the inked pen to indicate a spurious 
rain as the pen rises over the bulge. 
10. Note the time from your watch and record this time plus about two 
minutes in the appropriate spot on the chart. The amount of 
leeway required will be dependent upon your ability to get the 
instrument into operation in a given length of time. Do not 
place the inking portion of the gage into operation the 
time noted on the chart. If you cannot get the instrument 
into operation until after the indicated time, start the 
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procedure over again in order to make the times equivalent. 
Matching the printed graph time is not as important as 
matching your watch-indicated time with the beginning and 
ending of the trace. The computer cannot take care of the 
time errors if it is not given the correct information as 
established by your watch and the beginning and ending of 
the inked trace. 
11. A pencil or ball point mark should be made on the chart where you 
expect to start the inked trace. The work "ON" should be 
written at the end of the vertical line, as neatly as possible. 
This serves two functions. It helps you to find where to place 
the inked trace and its ON time vertical line as established by 
touching the upright. It also helps the person editing the 
charts to find the actual beginning and ending times of the 
recorded trace. 
12. Check the pen point for a sufficient supply of ink. If filled too 
full, it will overflow in damp weather. If not filled, it will 
dry out during a period of dry weather. As the pen point dirties 
and tends to clog, it may be cleaned by pulling a sheet of 
lint-free paper between the pen nibs as explained in the 
instruction book that came with the gage. More serious clogging 
may also be alleviated by washing the pen point in warm water. 
13. Replace the pen restrainer so that the pen point cannot go below the 
chart drum, but can go below the zero line on the chart. The 
vertical restrainer (in gages so equipped) should be checked to 
see that the vertical movement of the pen is not restricted for 
the full 6-inch rise of the chart. 
14. Gently restore the gage to operating condition by closing the door 
and/or closing the case. Reinstall the collector. 
15. Before leaving the site, look to see that the gage is level, it is 
ready to operate, and that all servicing materials have been 
removed from the site. (It is embarrassing and time-consuming 
to have to return for a bottle of ink.) 
IV. Disposition of Raingage Charts 
Upon return to your base of operations - home, office, etc. - date stamp 
the charts which you have removed and place them in numerical order with 
the other charts removed earlier. Place them in the envelope provided, 
address the envelope, and send them ot the Champaign Office by the means 
agreed upon. 
V. Disposition of Hail Pads and Covers 
A. The covered hail pads will usually be returned to your home to be 
unwrapped and recovered. Carefully remove the used foil cover, 
checking to see that the foil is properly identified, and placing 
the loose foil in a pile in a large box. The foil should be 
stacked in the box with the foil unfolded and with the foil sides 
facing in the same direction so that the foil tends to intermesh. 
The covers may be pressed down by the edges, into the box without 
endangering the information on the foil face. 
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B. The stack of foi1 wi11 be removed to the Champaign Office as opportunity 
arises. This wi11 usually be done by the person responsible for 
the maintenance of the raingage instruments on the average of once 
each two weeks. 
VI. Preparation of Raingage Charts 
Once the usual weekly pattern of sites to be visited on a particular day 
of the week has been established, the raingage charts to be changed on 
that day may be numbered and dated with the appropriate date stamp 
before servicing begins. The CAP stamp should be placed in the upper 
righthand corner of the unfolded ratngage chart so that finding of a 
particular chart may be easily performed after the charts have been 
bound into a bundle (Set) along the left edge. 
VII. Procedures in case of illness, vacation, and instrument malfunction 
A. If you find that you are ill and will not be able to service the 
instruments in your care, even for one day, call Champaign COLLECT, 
217~333-4966. Arrangements will be made to complete any servicing 
that you will not be able to perform. Do not assume that you will 
be able to be back on the job the next day and will be able to 
complete the usual week's work in the remaining days. If your 
illness should be such that more than one day is required for you 
to recover, there would not be time for us to send the relief 
person to take your place and complete the week's servicing. 
B. Arrangements for vacation must be made as long in advance as possible. 
Vacation plans have to coordinate among all of the personnel 
involved in the operation and it may be that your vacation plans 
will have to be altered if you have not arranged it well in advance. 
The same number should be called as for the illness. 
C. When gage malfunction occurs, call as above on the day that the 
Malfunction is discovered so that repair may be scheduled as soon 
as possible. If you have been instructed in minor repairs, these 
may be performed by you; but do not attempt a major repair. As 
you become more familiar with the instruments, you wi11 be 
permitted to make more complicated repairs. 
VIII. When you notice a change in homeowner where we have instruments sited, 
please obtain the name, address, and telephone number of the new tenant 
so that we may place them on our mailing list. 
IX. Public relations. 
A. As the representative of the State of Illinois in meeting the public, 
you must make every effort to make your contact with the public 
cordial. We have our instruments on the property of our cooperators 
at their pleasure; keep their good will. 
B. Any questions concerning the project and your job other than questions 
about a particular site by the home owner or immediate neighbors 
should be referred to the Champaign office. 
